Armed Forces College of 
Medicine 
AFCM 


New Five Year Program Endocrine & Genitourinary Module 


Juxtaglomerular apparatus, Ureter 
& Urinary bladder 


Prof. Dr. Mona H. Raafat 
Histology Department 


New Five Year Program Endocrine & Genitourinary Module 2 


INTENDED LEARNING OBJECTIVES (ILO) €» 


By the end of this lecture the student will be able to: 

1. Correlate the microscopic structure of the JG complex 
components (macula densa and JG cells) to their function. 

2. Describe the microscopic structure of the ureter and 
urinary bladder. 

3. Correlate the microscopic structure of the urinary 
bladder epithelium to its function. 


4.Interpret the histological changes in urinary bladder in , 
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Juxtaglomerular apparatus “]GA” €» 


e Present at the vascular pole of 


Afferent arteriole 


the glomerulus. ay? yg Juxtaglomerular 


cells 


* Present at sites where DCT Joc a NA 


fits between afferent & i a) 
efferent arterioles. SY 


e Structure: 


. Distal tubule 
* juxtaglomerular cells. Macula densa 
* Lacis cells "Extraglomerular oe IER 
Mesangium'". 
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Distal tubule 


Juxtaglomerular 
cells 


Afferent 
arteriole 


Efferent 
arteriole 


Extraglomerular 
mesangial 
cells 


Bowman's 
space 


Intraglomerular 
mesangial cells I 
i 4&— ^ Glomerular 

fr ee capillaries 
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A ) Macula Densa 


* Part of Distal convoluted 


5 rs D = = n sta | t fa ces t h e distal tubule with rpesangisi matig epithelium of " 
glomerulus. macula densa 


Bowman's capsule 


basement membrane 


e of Bowrnan's capsule 


Bowman's 
space 


* Lining is modified from 
"Ep "—UI- 


TALI start of 
kenij £7 wp] - Ciim perd 
limbs inp de ru proximal 
i Herde 17 | st Ai tubule 
"n 
w^ rs EL 
DEM gemma X. Picea t filtration 
^ E [f na "^ E membrane 
banco ciare cala | urs r J Adel ? Pra " 
eri dial Taala NS. Md. in vor m 


(capillary / podocyte 
basement membrane) 


Tarir iare pir mii 
Tp alare that atm] 
after rte rie Carat 


DLE] LaL oe 
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* Tall narrow closely packed cells. — .. €» 


perfusion 


* Deeply stained nuclei closer to ond 
the apex. | 


Urine 


Afferent ^ 7 NN Macula 
arteriole — XS Xx 
SPA 


* No basal infoldings. sympa 
* Widely distributed small "m WIZ 

mitochondria. el nb e 
e Numerous apical microvilli. C I] 


* Golgi apparatus is basal "infra- 
nuclear" 


* Cell processes extend through ii 
the lacking basement i 
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Function of macula 
densa: 


"SENSORY" 


«Detect the sodium levels 
and flow rate of tubular 
fluid. 
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Luc Lue pm 


Lining epithelium Low cubical cells Tall cuboidal/ columnar 
Rounded and central Closely packed apical 
nuclei 


Basal membrane Highly developed Not present 
infoldings 
Mitochondria Basal and longitudinally Scattered 
placed 


No microvilli Numerous microvilli 


Golgi apparatus Small Large and basally 
located 


Basal processes Absent Present 
Basement membrane Continuous — | |. Discontinuous 


B) Juxtaglomerular Cells €» 


« Modified smooth muscle cells : 
the afferent arteriole "mainly" 


where it approaches the 
glomerulus. 


e They are modified to be protein 


synthesizing cells, so: 


The Juxtaglomerular Apparatus: 


cA Ascending limb 


Source of Renin 


Afferent 


Distal arteriole 


tubule “Pieters 


Efferent 
arteriole 
Mesangial 

cells 


Veinul 
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LM: 
- Cells are rounded. 
- Cytoplasm basophilic. 


- Cytoplasm has PAS +ve secretory 
granules. 


EM: 


- Prominent rER, Golgi apparatus, 
mitochondria 


- Secretory granules. 


- Function: Renin secretion 
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Structure function adaptation of juxtaglmerular c©)s 


e Absence of internal — —L 
elastic lamina: to be in "eg a 
close contact with the NN Ce AIT 
endothelium of the 


arteriole. | 


e Close to the cells of T 
macula densa. 


*Innervated by 
sympathetic nerve fibers. 


Efferent 
arteriole 


Intraglomerular~\X) 
mesangial cells M 


* Glomerular 


uU —-— n c capillaries 
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Function of the JGA €» 


e Juxtaglomerular cells secrete renin in pero 
response to fall in blood pressure in 


different ways: sie 


arteriole 


Distal tubule 


Urine 


mesangial 
cells 


° Degree of stretch in wall of cm. Pom 
afferent arteriole. D 9 "CMT 


* Sympathetic stimulation. 


By Nancy Heim, Columbia University, and Brooke Grindlinger, J. Clin. Invest. 
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C) Lacis cells (Polkissen) €» 


Renal 
perfusion 


e They are EE 
extraglomerular i 
mesangial cells. C — S 

e Group of small cells with — 7» > 
pale nuclei. — 


*Lying between afferent & 
efferent arterioles. 


* Cells connected by gap 
junctions. 


* They are supporting cells 


Distal tubule 


Urine 


Smooth muscle 


Extraglomerular 
mesangial 
cells 


By Nancy Heim, Columbia University, and Brooke Grindlinger, J. Clin. Invest. 
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Renal Interstitium €» 


elt is the connective tissue of the kidney. 


* [n cortex: it is fine and minimal and has two types of 
interstitial cells: 


* Fibroblast-like cells: secrete erythropoietin 
* Mononuclear phagocytic cells 


* in Medulla: extensive C.T. and has Medullary 
Interstitial cell that secrete medullupin I liver > 
medullipin Il + V. D. + + blood pressure. 


* So, the kidney has dual effect on the blood 
pressure...how? 


1- Medullupin | 2- Renin 


I^ mm £ fanta neinzsrv Meam 
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Kidney Functions €» 


* Water and electrolyte balance 


Urine 
* Acid base balance peeves 
EXOCRI 

* Excretion of waste products NE 


e Excretion of drugs 
* Regulation of blood pressure 
e Secretion of erythropoietin 


* Conversion of prohormone vitamin D3 into 
the active form 


m2" FO 0 U2 Mm 


Medical applications €» 


e Acute tubular necrosis: 


elt is kidney injury caused by damage to the cells 
lining the kidney tubules that may progress to renal 
failure. 


e Common causes are low blood flow to the kidneys (eg. 
low blood pressure), drugs that are toxic to the kidneys 
(eg. Excess usage of antibiotics and analgesics) 
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* Calyces and pelvis 
e Ureters 

e Urinary bladder 

e Urethra 


New Five Year Program 


Urinary Passages ©) 


Fr > ZO 


Kidney 
| >Ureter 
Bladder—_‘\€ — 3 
Sphincter Urethra 
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e The lumen of the ureter is narrow and 
stellate 


* Its wall is formed of: 


* Mucosa: consists of: 
* Epithelium: transitional epithelium 
e Lamina propria: loose C T. 


* Musculosa: formed of smooth 
muscle fibers arranged as: 
* Inner longitudinal 
* Outer circular 


* Additional outer longitudinal "in the 
lower 1/3" 


* Adventitia: fibroelastic C.T. 


http://classconnection.s3.amazonaws.com/106/flashcards/1125106/jpg/ 
ureter1352247033237.jpg 


Adventitia 
Transitional 
epithelium 
Lamina propria 
Star shaped 
lumen 
Longitudinal 
muscle layer 


Circular 
muscle layer 


https://mManageyourtime1996.files.wordpress.com/2016/03/imag0375 1.jpg?w-1108 
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Urinary Bladder €» 


e The lumen of the bladder is 


wider and folded 


* Its wall is formed of: 


e Mucosa: consists of: 


* Epithelium: transitional 


epithelium 


* Lamina propria: loose C T. 


* Musculosa: formed of smooth 
ed in every 


muscle fibers arran 
direction, at the deck 
* Inner longitudinal 
* Middle circular 
* Outer longitudinal 


they are: 


* Adventitia: fibroelastic C.T. 
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Transitional 


epithelium 
ee M e AO 


Lamina propria 


Smooth muscle — un 


——— Serosa 


Fat cells 


0.5 mm 
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Transitional epithelium 


elt is formed of 4-5 
rows of cells 


e The top layer is 
called facet 
cells: 


* Cubical or it may 
be squamous in 
distended bladder. 

* May be 
binucleated. 


https://basicmedicalkey.com/wp- 
content/uploads/2016/08/ 

B9780702047473000057 f005- https://i.pinimg.com/736x/ac/11/4a/ 
008a-9780702047473.jpg ac114ad04892a641282fd57cef344bb4--medical- 
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Umbrella 
cells 


Facet cell “umbrella cell" © 


Bladder filling 


e| uminal cell 
membrane is thick. 


e Occluding junction 
between the cells ^ 
barrier to the 
movement of H20 
from blood as the 
urine is hypertonic 
"osmotic barrier". 


https://dm5migu4zj3pb.cloudfront.net/manuscripts/24000/24086/medium/J]CI0524086.f8.jpg 
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Facet cell “umbrella cell" © 


* In empty bladder, the apical membrane decreases its surface area and 
folds into fusiform apical vesicles reservoir for cell membrane 


* As the bladder fills, these apical vesicles fuses with the apical 
membrane increasing the surface area as the cell flattens. 


A Relaxed B Stretched 


https://slideplayer.com/slide/6330822/21/images/27/Transitional+epithelium.jpg 


New Five Year Program Endocrine & Genitourinary Module 26 


Medical applications €» 
* Cystitis: 
> It is inflammation of the urinary bladder mucosa and it 
is the most frequent problem involving it. 


>This inflammation is common during urinary tract 
infection, but it can also be caused by 
immunodeficiency, urinary catheterization, radiation or 
chemotherapy. 


>» Chronic cystitis can also affect the transitional 
epithelium lining the urinary bladder leading to 
transitional cell carcinoma. 


U Structure and correlated functions of components of the 
juxtaglomerular apparatus. 

U Macula densa, site, structure and its role in juxtaglomerular 
apparatus. 

U Juxtaglomerular cells, site, characters and their function in 
juxtaglomerular apparatus. 

U Lacis cells, their site, and function as a part of the juxtaglomerular 
apparatus. 

U The renal interstitium, the cortical and the medullary interstitial 
cells. 

UThe ureter is formed of three layers, mucosa, muscle layer and 
adventitia. 

UThe wall of the urinary bladder, is formed of three layers, mucosa, 
muscle layer and adventitia; & cenitourinary module 
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Lecture Quiz €» 


1)The juxtaglomerular cells are formed of: 
a. Podocytes. 

Modified smooth muscles mainly in afferent arteriole. 
c. Intraglomerular mesangial cells. 
d. Principal cells. 
e. Lacis cells 


2) Lacis cells are characterized by: 
| £]Are present between afferent and efferent arterioles. 
g. Show basal infoldings 
h. Contain renin granules 
i. Are connected by tight junctions 
j. Show apical microvilli. 
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Lecture Quiz © 


3-Facet cell of the urinary bladder is characterized by: 


[| a]May be binucleated. 


b. Luminal cell membrane is thin. 
c. Are attached together by adhering junction 
d. Having apical vesicles in full bladder. 
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SUGGESTED TEXTBOOKS €» 


l. Junqueira's Basic Histology: Text and Atlas, Fourteenth Edition 
by Anthony Mescher (2016) p. 404-406 


2. Histology a text and atlas with correlated cell and molecular 


Jy by W. Pawlina (2016) p. 71 


HISTOLOGY 


A TEXT AND ATLAS 
with Correlated Cell 
and Molecular Biology 


JUNQUEIRA'S 
Basic Histology 
Text and Atlas 
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